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Abstract.SouthernAppalachianyellowpinecommunities
were prehistoricallyand historically maintainedby fre-
quentfiresofanthropogenicorigin. Pre-ColumbianIndian
andEuropeansettleruseof fire producedadiversemosaic
of grasslands,woodlands,andforestsacrossthesouthern
Appalachianlandscape.Within forests,frequentburning
preparedregenerationnichesfor shadeintolerantyellow
pinespeciesandpreventedcompetitiveexclusionby hard-
woods. However,federal land acquisitionin the early
1900’sessentiallyeliminatedfire asavectorformaintain-
ing awide arrayof covertypes. Thisallowedfor succes-
sion towardhardwooddominatedstandsandthe subse-.
quenr loss of yellow pinehabitat. Most notableis the
reductionin PinuspungensLam. (table mountainpine)
communities.Fourteen0.02-hastudyplotswere estab-
lishedin theChattahoocheeNationalForest,Clayton,GA,
in aclassicP.pungens,Kalmia lal~folia, andGalaxaphytla
community.Samplingof all stems=2.5cmdbh revealed
thatmeanbasalareaanddensityof combinedhardwood
species(19.76m2/haand930stems/ha,respectively)were
significantlygreaterthanthoseofP.pungens(10.15m2/ha
and255 stems/ha)(P<0.0land(P<0.000I). The impor-
tancevalue(relativebasalareaplusrelativedensity)forP.
pungenswas55.3followedby Quercusprinus(52.4)and
Q. coccinca(24.2). Therewasnuevid~nceofF.pursgens
regeneration.Thesedatasuggestthat?.pungensis being
replacedby Quercusspeciesin this area. Furthermore,
analysisof the surroundinglandscapestructurerevealed
that conversionof pine to hardwoodstandsis occurring
acrossthelandscape.Pine-hardwoodhabitatsoccupiedthe
greatestproportionof thelandscape(65.5%)andhadthe
largestaveragepatchsize(901.18ha). Thesedatasuggest
thatpreviouspinehabitatis succeedingto hardwoodhabi-
tat. Reintroducingprescribedburninginto suchhabitatis
necessaryto maintainP. pungensas acomponentof the
southernAppalachianlandscapeandtomaintainlandscape
heterogeneity.

Introduction

SouthernAppalachianFire History

Fire playedan importantrole in shapingthe species
rich landscapeof the southernAppalachianMountains.
Pre-historiclightning fires anduseof fire by pre-
ColumbianIndiansandcolonialsettlerscontributedtothe
heterogeneityof foresttypesin thesouthernAppalachian
landscape.Lightning causedfireswereanenvironmental
force in shapingthevegetationof theSoutheasternUnited
Statesfor thousandsof years beforeIndiansarrived in
America(VanLearandWaidrop19~9). MonianeThrests
of thesouthernAppalachians,however,probablydid not
burn as frequentlyasthe pine-grasslandsof the adjacent
Piedmont(VanLearandWaldrop1989). Althoughcon-
siderablelightning is presentin thesemountainousareas,
theopportunityfor catastrophicfires is small. Themesic
broad-leavedforestthat dominatesas a consequenceof
regularrainfalldistributionandhighhumidity is notcon-
duciveto largewidespreadfiresofnaturalorigin (Komarek
1974). Therefore,prior to Indiansettlement,thefire mo-
saicof thisregion was possiblyapatternof smallburns
interspersedover the landscapeat irregular intervals
(Komarek1974)with occassionallargefires.

Archeologicalrecordsshow that humanshaveoccu-
piedthe southernAppalachiansfor over 12,000 years
~DeVivo1991). Resultingfires of anthrupogenicorigin
haveaccountedfor muchof the Southeast’sforestcom-
position,whichis dominatedby disturbance-initiatedspe-
cies(Buckner1989a).The firsthumaninhabitantsofeast-
ernNorthAmerica,thepaleo-Indians,werelargelyhunt-
ersandgathererswhousedfire in huntinglargemegafauna
(Buckner1989b). Of the pre-ColumbianIndian tribes,
CherokeeIndianswerethe largestpopulationand occu-
pied thegreatestproportionof thesouthernAppalachian
region. Theiruseof Firealteredthepre-Columbianland-
scapeand, as Buckner(1989b)described,produced“a
shiftingmosaicofopengrasslands,woodlands,arid closed
forestswith widely scatteredIndianvillages.”
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Europeansettlersadoptedsomeofthefire practicesofthe
Indians as well as introducing their own burning tech-
niques(Pyne1982). AsEuropeanpopulationsincreased,
richbottomlandsalongmajorstreamsquickly weresettled
andfarmingandloggingpractices(andassociatedburning)
movedup-slopeinto thesouthernAppalachianMountains
(VanLearandWaldrop1989).Thesoutheasternlandscape
thus becameamixtnreof EuropeanandIndian fire prac-
tices,oneforfarmingandtheotherforhuntingandranging,
respectively(Pyne1982).Europeansettlement,however,
introducedsmallpox andotherdiseaseswhich greatly
reducedIn~!ian populationsandresultedin amarkedde-
creasein fire frequency(VanLear andWaldrop 1989).
Subsequenteffectivefire suppressionpracticeson both
public (NationalForestandNational Park) andprivate
landslead to aggressiveinvasionof hardwoodson pine
sitesand,consequently,reductionsin pineandpine-hard-
woodcommunitiesacrossthelandscape(Buckner1989b).

Fire SuppressionandPinuspungens

Pinuspungensis ashadeintolerant,Appalachianen-
demic thatoccurson thin soiled, southernandwestern
slopesfrom centralPennsylvaniato northeasternGeor-
gia at elevationsof 300 - 1220m (Zobel 1969). Pinus
pungensis oneof four yellow pinesnativeto thesouth-
ernAppalachianMountains[theothersbeingVirginiapine
(P. virginiana Mill.), shortleafpine(P. echinataMill.),
andpitchpine(Pinusrigida MilL)I (U.S.D.A.ForestSer-
vice 1965). Theseareall pioneerspeciesthatestablish
andregeneratestandsfollowing disturbance(U.S.D.A.
ForestService1965). Specifically,thedisturbancemust
createhabitatof exposedmineral soil andfull sunlight
for successfulyellowpineregeneration.Pinuspungens
requireshotfiresasthemodeof disturbanceto opentheir
serotinouscones(Zobel 1969; Barden 1978; Sanders
1992).

Thesuccessof P. pungensregenerationdependsupon
the typeand intensity of fire as well as the understory
vegetationpresentin the stand. A post-firestudyof the
1986 BoteMountain,Tennessee,fire demonstratedthat
moderateto highintensitysurface/crownfiresarerequired
to clearorganicmatterto exposemineralsoil, opensero-
tinouscones,andeliminatecompetitionfromhardwoods
(Sanders1992). Firesof suchintensitywereattainedbe-
causeGalaxL. andmountainlaurel (Kalmia latifolia L.)
understoriesactedas fuel ladders. Indeed,P. pungens
seedlingdensitiesweretento fifteentimesgreaterin me-
dium andhigh intensityburn sitescomparedto low in-
tensityburn sites. Estimatedpre-burndensityof mature
P. pungenswas415 stems/hawith no pineregeneration
present.Post-burnsamplingshowedadramaticincrease
in P. pungensseedlingswith densitiesof 12,256stems/
ha. Thegreatestproportionof theseseedlings(96%)were
locatedin highandmoderateburnareas. Low intensity
fires, however,werealsobeneficialas they killed back

smallercompetinghardwoodsocassionallycreatinglarge
enoughsitesto allow P. pungensregeneration(Sanders
1992).

In the absenceof disturbance,individualP. pungens
trees may persistfor up to 200years (Zobel 1969). Al-
thoughBarden(1977)reportedself-maintainingpopula-
tionsof P. pungenson steep,xeric southwestslopesin
North Carolina, regenerationismostoften not successful
in theabsenceoffire (Williams andJohnson1990; 1992).
Pinuspungensstandsof thesouthernAppalachianshave
pine-hardwoodcodominantsandunderstoriesthatinclude
Quercusprinus L. (chestnut oak)and Q. coccine~
Mueschh.(scarletoak),aswellasotherhardwoods(Zobel
1969; Barden1977; Williams andJohnson1992). Be-
causeP. pungensis very shadeintolerant,it is usually
replacedby moreshadetoleranthardwoodsin laterseral
stagesin theabsenceof fire (Sanders1992).

Pineto hardwoodsuccessionis thepredominantstand
dynamicoccurringin the southernAppalachianregion.
SouthernpinebeetleDendroctonusfrontalisZimm. epi-
demicsspeedthisprocess.A 1992 surveyof the Great
SmokyMountainsNationalPark (TN andNC)identified
over63 P. pungensstands(definedascanopycomposi-
tion=50%P.pungensover=2ha). Ofthesestands,only
eighthadP.pungensseedlings.In addition,greaterthan
37% showedevidenceof southernpine beetleactivity
(Konz, pers.comm.). Combined,southernpinebeetle
epidemicsandeffectivefire suppressionpracticesareal-
teringstructureanddecreasingheterogeneityof thesouth-
ern Appalachianlandscape. The purposeof this study
wasto determinethecanopycompositionof aP.pungens
standin theChattahoocheeNationalForestandtodescribe
the structureof the surroundinglandscape. The objec-
tive wasto describetheextentof hardwoodinvasionthat
hasoccurredin this region.

MaterialsandMethods

StudySite

This study was conductedin a classicP. pungens,
Kalmia latifolia, andGalax aphylla community on the
ChattahoocheeNationalForest(TallulahRangerDistrict),
Clayton,GA. Specifically,thesampledstandwaslocated
in theWarwomanWildlife ManagementAreawithin the
ChattoogaWatershed.Pinuspungenscommunitiesare
foundbetween1040and1100m in elevationin thisarea.

Bratton andMeier (unpublisheddata)recentlycom-
piled adescriptivefire history of the ChattoogaWater-
shed. Firewas pre-historicallyandhistoricallyfrequent
in this area. In May 1775,William Bartramdescribed
semi-openareas(“vales”), meadowsand fields in the
ChattoogaWatershedregion,implying the understories
wererelatively freeof shrubs. Thisopencolonial land-
scapewas most likely due to frequentburning by the
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CherokeeIndiansor to acombinationof burning,graz-
ing,andfarming.

The landscaperemainedrelatively openthroughthe
late 1800’s. In terms of fire, therewas an increasein
forestclearingin the first partof the 19th century with
theactivitiesintensifyingaround1820. Written records
verify majorfires duringthe 19thcenturyalthoughigni-
ton sourceswere not recorded. Slashfires associatedwith
loggingactivitieswereprominentfromthe1880’sthrough
the 1920’s. Following theadventof the USDA Forest
Servicein theChattoogaWatershedregion,the govern-
mentbegansuppressingfiresaround1913. After World
War II (1950’s-1970’s),ignitions increaseddue to an
abundanceof arsonfires andescapedcampfires. Since
1980,however,thefrequencyofarsonfireshasdecreased
[BrattonandMeier (unpublisheddata)].

All reportsand mapsstudiedby Bratton andMeier
(unpublisheddata)indicatedthat lightning ignited fires
arerelatively rarein the ChattoogaWatershed.Indeed,
ForestServicefire recordsshowedonly eight lightning
ignitedfires in theRabunBaldareabetween1950-1994.
Thosethat do occurstrike southern,southwestern,and
westernridges typically between610-760m elevation.
Most lightning ignitedfires remainoneacreof lessdue
to suppressionefforts andhumidnatureof southeastern
thunderstormactivity.

Sampling

CanopyComposition
Fourteen0.02 ha (10 x 20 m) plots wereestablished

in the RabunBald areaof the ChattahoocheeNational
Forest. All woody stems=2.5cm dbh werenotedasto
speciesand measuredfor diameterbreastheight (dbh).
An approximatenumberof coneswas recordedfor each
coniferoustree. Heightof shrubspecieswas estimated
in the upperandlower quartersof the plot. Litter and
organicmatterdepthswerealso notedin theseareas.
Coverwasvisuallyestimatedfor herbaceousspecies(all
vascularplants=I m in height) within four 1 m2 sub-
plots. Importancevaluesof canopyspecieswerecalcu-
latedas relativebasalareaplus relativedensity. Means
were comparedusingPROCTITliST in SAS (SAS histi-
tute 1989).

LandscapeStructure
An aerialphotoof theregionwasdigitizedastocover

type(pine,pine-hardwood,andhardwood)usinga24x24
cell grid. Eachgrid cell represented14.35ha. Cell as-
signmentswereassessedby thecovertypethatoccupied
=50%of thecell. If no covertypesdominatedthecell to
thisdegree,theonewith the greatestareawasspecified.

A tableof the digitized vales was createdin Edlin
Editor. SpatialAnalysisComputerProgram(SPAN)was
used to analyzethesedata. SPAN is agrid cell based
analysisprogramapplicabletoanycategorical,rasterized
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data. Measuresof spatialpatterncalculatedinclude(1)
proportionof thelandscapeoccupiedby eachcategory,
(2) sizeof eachpatch),(3) fractaldimensionof patchpe-
rimeters,(4) edgesbetweeneachpairof land-covertypes,
(5) diversity index,(6) dominanceindex, and(7) conta-
gion index (Turner1990).

Results

CanopyComposition

P. pungenswasthe mostimportantcanopyspecies
followeddecreasinglyby QuercusprinissandQ. coccinea
(Table1). Meanbasalareaof hardwoodspecies(mean±
1 standarderror) (19.76+ 2.55 m2/ha)significantly ex-
ceededthatof P.pungens(10.15±1.97m2/ha)(P=0.01).
Similarly, meandensityof hardwoodspecies(935.50±

Table 1. Canopyspeciesof the ChattahoocheeNational Forest,
Clayton, GA. Importancevalue(IV) calculatedasrelative basal
areaplus relative density.

Species Relative Basal
Area

Relative
Density

IV

Pinuspungens 3317 21.49 55.26
Quercusprinus 27.30 25.07 52.38
Q. coccinea 12.28 11.94 24.22
Nyssasylvatica 4.99 11.64 1664
Q.a!ba 6.31 7.76 14.07

73.50stems/ha)was significantlygreaterthanthatof P.
pungens(253.50±51.50stems/ha)(P =0.0001). The
majorityofP. pungensstemswerebetween10-30cni dbh
whereasmost Q. prinusandQ. coccineastemswerebe-
tween5-20 cm dbh (Figure1). Only sevenP. pungens
stemswere between0-10 cm dbh class whereas34
Quercusstemsbetween0-10 cmdbhwerefound(Figure
1). Mean numberof estimatedP. pungensconeswas
4071.43±3723.97cones/ha.Kalmia latjfolia dominated
theshrublayer. Meanshrubheightwas 229±0.55m and
meanshrubdensity was 3142.86±2093.20stems/ha.
Vacciniumsp. and Galax aphylla dominatedthe herb
layer. Mean herb layercoverwas 42.73±18.50%1m2.
Mean depthof litter andorganicmatterwere4.23±1.53
cm and 11.07±3.45cm, respectively.

LandscapeStructure

Figure2 is acodedchartthatoutlinespatchesrecog-
nized by SPAN. Pine-hardwoodoccupiedthe greatest
total areaof the region followed decreasinglyby hard-
woodandpine(Figure3). Indicesof landscapediversity
(0.87)anddominance(0.23)were low.
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Figure1. Sizeclassdistributionof canopyspeciesin aPinuspungensstandof theChattahoocheeNationalForest(Clayton,GA).

Pine-hardwood(n=6)hadthegreatestaveragepatch
sizeandwas followed decreasinglyby hardwood(n=22)
andpine(n=23) (Figure4). Thecontagionindexwaslow
(0.33). High amountsof edgeoccurredbetweenpineand
pine-hardwoodareasandpine-hardwoodandhardwood
areas. Therangeof fractalvalueswas1.00-1.57.Aver-
agefractal valueswerecomparableamongthecovertypes
thardwood(1.14),pine(1.15)andpine-hardwood(1.20)].

Discussion

Thesedatasuggestthatthesampledstandis convert-
ing to ahardwoodstand.PinuspungensandQ. prinus
werecanopyco-dominants.Pinuspungenshadaslightly
higher importancevalueand occupiednearlyone-third
of thebasalareaof thisstand(Table1). Quercusprinus
followedclosely in importanceandoccupiedone-quarter

• Pfttuspungens

o Quetcusprinus

~ Quercuacacdnoi

511W Liih1*!~4wIJ~ud Lilhardwaod

Figure2. Map of landscapecovertypessurroundingaPinus pungensstandin theChattahoocheeNationalForest(Clayton,GA).
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of the standdensity(Table 1). Mean basalareaof all
hardwoodspeciescombinedwasnearlydoublethatofP.
pungens.In addition,meandensityof all hardwoodspe-
cies combinedwas threetimes greaterthan that of P.
pungens.

TheP. pungenscomponentof this standis not regen-
erating. Themajority ofP.pungensstemswereobserved
in largerdbh sizeclasseswhereasmostQ.prinus stems
werefoundin smallerdbhsizeclasses(Fignre1). Closed
canopy(i.e.,low light), thick litterandthick organicmat-

terconditionshaveeliminatedregenerationnichesforP.
pungens.However,theabundanceof Q. prinus andQ.
coccineastemsin the 0-10 cm dbh indicatesthatthese
speciesareableto regeneratein thissetting. If fire con-
tinuesto beexcludedfrom thisarea,Quercussp.eventu-
ally will dominatethestand.

Williams andJohnson(1990; 1992)noteda similar
declinein recruitmentandpopulationmaintenanceof P.
pungensin southwesternVirginia montanepine-oakfor-
ests. In theabsenceof fire, thenumberof stemsperhect-

—mm---- -4-----

pine pine-hardwood hardwood

Cover‘Cype

Figure4. Comparisonofcovertypepatchsizefor thelandscapesurroundingaPinuspungensstandin theChatta.hoocheeNationalForest
(Clayton,GA).
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arewasgreatlyskewedtowardlargerdiameterclasses(15-
35 cm dbh) for P. pungensindicatinglittle regeneration
of thisspecies. On the otherhand,Quercusprinusand
Q-~-coccineaweresuccessfiilly-xegeneratingin-the.-under~
story andwerepredictedto becomecanopydominants
undercontinuedfire suppressionpractices(Williams and
Johnson1990).

Hardwoodencroachmentalsois apparenton theland-
scapelevel. Pinecommunitiesarerestrictedtoridgetops
(Figure2). A generalup-slopetransitionfrom hardwood
to pine-hardwoodto pineis seenacrossrolling terrain.
Pine-hardwoodoccupiesthe greatestproportion of the
landscape(Figure3) indicatingthatpreviouspinehabitat
is succeedingto hardwoodhabitat. The low index of
dominancesuggeststhatnoonecovertypedominatesthe
area. A low indexof diversityrevealsthatthecovertypes
aresomewhatevenly distributedacrossthelandscape.

Pine-hardwoodpatchesarelargerthan pineor hard-
woodpatches(Figure4) andaremorecontiguousacross
theregion. Low fractaldirnensionsrevealthatmostrec-
ognizedpatches,regardlessof covertypes,areof simple
shape. Low fractal dimensionsare typical of disturbed
areas(O’Neill et al. 1988). Bratton andMeier (unpub-
lished data)reportedthat disturbancewas historically
prevalentin this area.

P. pungenscommunitiesof the ChattahoocheeNa-
tional Forestarecurrentlyundergreatstressfrom hard-
woodencroachmentonbothregionalandlocal scales. It
is now evidentthat continuationof passive(protective)
managementwill result in furtherhardwooddominance
andadecreasein landscapeheterogeneity.Restoringfire
to theseareaswould preventthis from occurring. The
structureof thisP.pungenscommunitywouldsupportan
intensefire. Thetall K. lat~fo1iawouldactasfuel ladders
to carry the heatup to the serotinouscones. The abun-
danceof G. aphyllaandVacciniumsp.in the herb layer
wouldpromoteahotsurfacefire that, if underdry condi-
tions, would removethe deepbuild up of litter andor-
ganicmatter.Fire alsowouldeliminatemuchhardwood
competition.Establishingguidelinesforapro-activepro-
gramthatwill identify thestepsneededto regeneratedeca-
dentP. pungensstandsis essentialto their survival.
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